ABSTRACT. The contents of type I, type III and type V collagen and the collagen type specific distributions in liver under normal and cirrhotic conditions were examined. In CCl4 injected rat, the increasing amount of type V collagen was a specific event during the progression of cirrhosis. In normal liver, immunohistochemical observation showed that type V collagen was localized on the fine fibrils, while type I was localized on the thick fibril. Type V collagen was partially colocalized with type IV collagen. In the cirrhotic liver, type V collagen was localized on the margin of the thick fibrous septa along with type IV collagen. Type I collagen existed in the core region of fibrous septa where the stellate cells were prominent. To elucidate the mechanism of the type specific deposition of collagen in the liver, we constructed a coculture system using both stellate cells and hepatocytes. In this system, type V collagen was mainly deposited on hepatocyte colonies not on stellate cells, while type I collagen fibrils were localized on stellate cells. The spatial positioning of type I and type V collagens in vitro was similar to that in the liver. In the cell adhesion assay, the adhesion of stellate cells to type V collagen was poorer than that of the hepatocytes. The collagen type-specific affinity of the stellate cells and hepatocytes may explain the specific localization of type V collagen in the liver and coculture system. These results suggested that the functions of type V collagen are not only to connect type IV collagen with type I collagen fibril, but also to protect the parenchyma from excess type I collagen deposition produced by stellate cells under pathological conditions.
myofibroblastic ones, and then proliferate, expressing a smooth muscle actin (aSMA), to synthesize a large amount of type I and type III collagen. (Ogawa et al., 1986; Geerts et al., 1991; Friedman, 1993; Gressner, 1996) . Various serum markers that can be used to evaluate the progression of hepatic fibrosis have also been reported (Tanikawa, 1994; Tsutsumi et al., 1996) . Pro-type III collagen and the triplehelical domain and 7S domain of type IV collagen are used as the serum markers for cirrhosis (Obata et al., 1989; Misaki et al., 1990; Murawaki et al., 1996) . In cirrhosis, several types of collagen increase at various ratios (Rojkind and Ponce-Noyola, 1982; Murata et al., 1984) .
In this report, we show that type V collagen increases with the progression of fibrosis, and we propose that type V collagen could be used as an index of cirrhosis. Type V collagen is widely distributed in many tissues such as the skin, placenta and cornea, and is one of the fibrillar collagens that has the potential to form fibrils (Adachi and Hayashi, 1986) . First, type V collagen has been identified as one of the components of the lamina densa together with type IV collagen (Roll et al., 1980) . Type V collagen is located in the lamina fibroreticularis and anchors its basement membrane on the stroma. It has also been postulated that type V and type XI collagen influence the growth of type I and type II collagen fibrils, respectively (Adachi and Hayashi, 1986; Mendler et al., 1989; Birk et al., 1990) . Using a self-assembly system, it has been demonstrated that the diameter of heterotypic type I /V collagen fibrils becomes thinner as the ratio of type V collagen to type I collagen increases (Adachi and Hayashi, 1986; Marchant et al., 1996) . Under woundhealing circumstances, a change in the fibril diameter was observed, and a decrease in collagen fibril thickness in cirrhosis has also been reported (Scott et al., 1994) . These observations imply that type V collagen plays a role in such inflammatory reactions.
The extracellular matrix (ECM), including collagen, plays an important role in the major programs of the cell functions including growth, differentiation and apoptosis. The ECM controls the expression of tissue-specific genes (Caron, 1990; Mooney et al., 1992) . These cell functions are regulated through cell surface receptors such as integrins (Hynes, 1992; Yamada, 1997) . Thus, it is expected that the increase in type V collagen that occurs in cirrhosis would influence cell functions. To investigate the effect of type V collagen on liver-derived cells, an in vitro assay system was developed. In this study, we propose just such a useful culture system, namely, a coculture of parenchymal hepatocytes and activated stellate cells. Cocultures of parenchymal cells with nonparenchymal cells have been proposed by several investigators (Rojkind et al., 1995; Bader et al., 1996; Tateno et al., 2000) . These studies have been primarily concerned with the maintenance of the differentiated functions of hepatocytes and have shown that the presence of nonparenchymal cells is essential for such maintenance to succeed.
In the present study, we examined the changes of type I, IV and V collagen distributions in the liver under normal and pathological conditions. Further, we investigated the role of type V collagen in a coculture system using primary parenchymal hepatocytes and activated stellate cells, a system that reproduces some aspects of the collagen type specific localization observed in vivo.
Materials and methods

Induction of cirrhosis
Male Fischer-344 rats (10 weeks old) were obtained from Charles River Breeding Laboratories, Inc., Detroit, Michigan. These rats were maintained at a controlled temperature (23°C) under daily cycles of alternating 12-hour periods of light and darkness. Fibrosis and cirrhosis were induced in rats by subcutaneous injection of CCl4 (0.2 ml/100 g body weight in 50% olive oil; Wako Pure Chemical Co., Japan), twice a week for either 7 weeks or 10 weeks (Unakar, 1966; Wu and Norton, 1996) . As the controls of fibrosis and cirrhosis, two groups of non-injected rats were maintained under the same conditions for either 7 weeks or 10 weeks. In each group, 3 rats were used and we conducted the same experiment twice independently. All experiments were carried out according to the guidelines of our institutional animal committee. The livers were perfused with phosphate buffer when the rats were sacrificed under anesthesia. The tissue was frozen immediately in liquid nitrogen and was stored at -80°C until use.
Preparation of type I and type V collagens
Type I and type V collagen were extracted from fetal bovine skin for the cell adhesion assay. Type I collagen was extracted with 50 mM acetic acid at 4°C and treated with pepsin (1 mg/ml). Type V collagen was extracted using pepsin (1 mg/ml in 0.5 M acetic acid at 4°C) and purified by differential salt precipitation at 0.7 M and 1.2 M NaCl in 0.5 M acetic acid (Yamagata et al., 1982) .
Rat skin type I, type III and type V collagen were extracted with pepsin treatment (1 mg/ml in 0.5 M acetic acid at 4°C) and purified by salt precipitation. The concentration of purified collagen was measured by the Buret method.
Analysis of collagens from the liver
Livers from normal and CCl4 treated rats were washed with a phosphate buffer that contained ethylenediamine tetraacetic acid (EDTA), N-ethylmaleimide (NEM) and phenylmethylsulfonyl fluoride (PMSF). Liver tissue was then homogenized and defatted with ethanol at 4°C. Collagen was extracted with pepsin treatment (1 mg/ml in 0.5 M acetic acid) for 24 hours at 4°C. The extract was subjected to 5% sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis (PAGE) in the presence of 3.6 M urea (Hayashi and Nagai, 1980) for separating alpha chains of type I and type III collagen, and transferred onto PVDF membranes. After being blocked with 1% bovine serum albumin (BSA), the membranes were reacted with rabbit anti-mouse type V collagen antibody (reacted with rat type V collagen) (LSL Co., Japan). The bound antibody was detected by ECL reagent (Amersham Pharmacia Biotech, Buckinghamshire, UK). Both collagens from liver and skin were subjected to 5% SDS-PAGE and visualized by Coomassie Blue staining. The amount of type V collagen was estimated by densitometric analysis of SDS-PAGE gel using "NIH image" software. To quantify the amount of each type of collagen, type I and type III and type V collagen extracted from rat skin were used for the standard, respectively. We undertook extractions and analyses of collagens independently using 3 each livers in normal, fibrotic and cirrhotic stage.
Isolation and culture of hepatocytes and stellate cells
Liver cells were prepared from 9-to 11-week-old male Fischer rats (190-232g) by two-step collagenase (Wako Pure Chemical Co. Oosaka, Japan) perfusion method (Seglen, 1976) . Hepatocytes were obtained as precipitates by centrifugation at 50 G for 1 minute (Tateno and Yoshizato, 1996) . Purity of hepatocyte was more than 99% as judged by immunostaining with anti albumin antibody (Inter-cell Technologies, Inc., Hopewell, NJ). Viability was about 95% as determined by trypan blue exclusion test. Cells were cultured in a 5% CO2 and 95% air atmosphere at 37°C in the hepatocyte growth medium [HCGM; Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum (FBS), 20 mM N-2-hydroxyethylpiperazine-N'-2-ethane sulfuric acid (HEPES), 30 mg/ml L-proline, 0.5 mg/ml insulin, 10 -7 M dexamethasone, 44 mM NaHCO3, 10 mM nicotinamide, 10 ng/ml epidermal growth factor, 0.2 mM L-ascorbic acid 2-phosphate, and antibiotics including 100 IU/ml penicillin and 100 mg/ml streptomycin] (Tateno and Yoshizato, 1996) . The medium was changed the next day and 4th day of culture. Dimethyl sulfoxide (DMSO) was added to the medium at a concentration of 1% after the 2nd medium change to reduce the growth of stellate cells (Tateno and Yoshizato, 1996) .
Stellate cells were isolated from rat liver by percoll gradient centrifugation after collagenase perfusions as described (Senoo and Hata, 1993) . Stellate cell fraction was concentrated as a layer in percoll gradient. Stellate cells were cultured in DMEM with 10% FBS in a 5% CO2 and 95% air atmosphere at 37°C. They were split every 3 or 4 days using 0.05% trypsin and 0.02% EDTA. During passaging of the cells, other types of contaminated cells disappeared. We used 25 to 29 passages of stellate cells which showed a constant growth and were not contaminated with other types of cells. Stellate cells were identified by desmin positive staining. The cells had a myofibroblastic shape, were in high proliferating-phase and expressed aSMA (Friedman, 1993) . From these profiles, stellate cells were assumed to be in the activated phase.
Coculture of hepatocytes and stellate cells was performed as follows. Hepatocytes (4´10 3 cells/cm 2 ) were plated on 13.5-mm Sumilon Celldesks (Sumitomo Bakelite Co., Ltd., Japan). After 24 hours, the stellate cells (1´10 3 cells/cm 2 ) were plated on the attached hepatocytes and were cultured for 6 more days. In the coculture system, the incubation period was indicated as the days of culture after the hepatocytes were plated. The terms "coculture", "stellate cell-culture" and "hepatocyte-culture" refer to a culture of stellate cells on hepatocytes, a culture of only stellate cells, and a culture only of hepatocytes, respectively.
Immunofluorescence microscopy
Cultured cells were washed with phosphate buffered saline (PBS) and were air-dried immediately. Cells were fixed in cold acetone for 5 minutes and washed with PBS including 0.1% Tween 20. After blocking with 2% BSA in PBS, immunostaining was performed using rabbit anti-rat type I collagen antibody (LSL Co., Japan), rabbit anti-mouse type IV collagen antibody (LSL Co.) and rabbit anti-mouse type V collagen antibody (LSL Co.). After washing with the primary antibody, it was reacted with FITCconjugated anti-species specific anti-IgG antibody. Hepatocytes in the coculture were stained with Texas red conjugated rabbit antirat albumin antibody (Inter-cell Technologies, Inc., Hopewell, NJ). Desmin positive stellate cells were detected using rabbit antidesmin polyclonal antibody (Monosan, Uden, Holland). Nuclei were counterstained with 4', 6-diamino-2-phenylindole (DAPI) or propidium iodide (PI). Samples were observed under a fluorescence microscope (Axioskop, Carl Zeiss, Jena, Germany).
For the immunofluorescent staining, the frozen liver tissue was sliced into sections (8 mm in thickness). The sections were fixed in cold acetone for 5 minutes. After blocking with 2% BSA in PBS, immunostaining was performed using the anti collagen antibodies described above and rabbit anti-desmin antibody (Monosan, Uden, Holland). After washing with the primary antibody, it was reacted with FITC-conjugated anti-species specific anti-IgG antibody. Samples were observed under a confocal laser-scanning microscope (LSM410, Carl Zeiss, Jena Germany).
For the collagen double immunofluorescent staining, the liver sections and the cultured cells were fixed in cold acetone for 5 minutes. After being blocked with PBS containing BSA (2%), the samples were sequentially stained with goat anti-collagen antibody and rabbit anti-collagen antibody. We used the following antibodies: goat anti-type I collagen antibody (Southern Biotechnology Associates, Inc., Birmingham, AL) and goat anti-type IV collagen antibody (Southern Biotech) as primary antibodies, and Cy3-conjugated anti-goat IgG was used for detection of primary antibodies; rabbit anti-rat type I collagen antibody (LSL Co.), rabbit anti-mouse type IV collagen antibody (LSL Co.) and rabbit antimouse type V collagen antibody (LSL Co.) for the 2nd detection, and FITC-conjugated anti-rabbit IgG was used for detection. The sections were observed under confocal laser-scanning microscope. Stained cells were observed under fluorescence microscope after nuclei were counterstained with 4', 6-diamino-2-phenylindole (DAPI). After immunohistochemical observation, cells were fixed with 4% paraformaldehyde and stained with eosin. Hepatocytes were stained strongly with eosin.
RT-PCR
Total RNA was extracted from cultured cells using the QIAGEN RNeasy system (QIAGEN K.K. Tokyo, Japan) at 7 days. For RT-PCR, firststrand cDNA was synthesized from each extracted RNA using the SuperScript preamplification system (Gibco BRL, Life Technologies, Inc., Rockville, MD). The 3' end sequence corresponding to the C-terminal pro-peptide and the non-coding region of pro-a 1(V) collagen cDNA was amplified by PCR with the forward primer 5'-GGCTCCAACGATGAGGAAATG and the reverse primer 5'-AAAGTCGGTGAACATGATGTCC. The 3' end sequence corresponding to the C-terminal pro-peptide and the noncoding region of pro-a 2(V) collagen cDNA was amplified by PCR with the forward primer 5'-CCAGCAAATCCCCTGACAA and the reverse primer 5'-CATGAAACAAACTGGCCCAA. For the RT-PCR reaction with a smooth muscle actin (aSMA) cDNA as the stellate cell specific marker, the forward primer 5'-TATC-CGATAGAACACGGCATCA and the reverse primer 5-ATAG-GCACGTTGTGAGTCACGC were designed (Knittel et al., 1996) . To adjust the amount of template cDNA, a PCR reaction was performed with primers coding for the housekeeping gene, glyceraldehyde-3-phosphate dehydrogenase (G3PDH), forward 5'-TCCACCACCCTGTTGCTGTA, and reverse 5-ACCACAGTC-CATGCCATCAC. Amplification products were subjected to electrophoresis with 1.5% agar gels and stained with ethidium bromide.
Analyses of collagen from the cultured cells
To analyze the collagen secreted into the cultured medium, the conditioned medium was treated with pepsin (1 mg/ml in 0.5 M acetic acid) at 4°C. The conditioned medium was concentrated to 10-fold by centrifugation (1200 G, 10 minutes) with an ultrafree centrifugal filter device (Millipore Co., Bedford, MA). Condensed collagen fractions were analyzed by SDS-PAGE (5%). Collagens were stained by Coomassie Brilliant Blue. Each collagen band was identified by western blotting using collagen-type specific antibodies (data not shown).
After being removed from the culture medium, cells were washed with a phosphate buffer containing EDTA, NEM and PMSF and scraped from the culture dishes. Cell fractions were treated with pepsin (1 mg/ml in 0.5 M acetic acid at 4°C) to extract the collagen fraction. Collagens which remained undigested were solubilized with a neutral buffer including SDS and bmercaptoethanol at 60°C for 15 minutes. Samples were analyzed by SDS-PAGE (5%).
Exogenous addition of collagen to the cultured cells
Type V collagen was extracted from rat skin and was purified by salt fractionation. Type V collagen in 5 mM acetic acid was added to the hepatocyte-culture and the coculture (final concentration of 100 mg/ml) on day 7. After 24 hours, exogenous type V collagen was detected by immunofluorescence microscopy using antimouse type V collagen antibody (LSL Co.).
FITC-labeled bovine type I collagen (Hattori et al., 1996) was added to the coculture at day 7. After 24 hours, exogenous type I collagen was observed under a fluorescent microscope. FITC labeling had no effect on cell adhesion activity and fibril formation.
Cell adhesion assay
Using 96-well microwell plates (Nalge Nunc International, Rochester, NY) coated with type I collagen (100 mg/ml) or type V collagen (100 mg/ml) in DMEM at 37°C for 2 hours and blocked with 1% BSA for 1 hour, cells suspended in DMEM were plated onto the collagen-coated microwell plates (stellate cell, 2´10 4 cells/well; hepatocyte, 1´10 4 cells/well). After 30 minutes (stellate cells) or 40 minutes (hepatocytes), plates were shaken at 600 rpm for 10 seconds by a microplate mixer, and unadherent cells were discarded. The adhered cells were measured using a cell counting kit-8 (Wako Pure Chemical Co.).
Results
Collagens in liver under normal and pathological conditions Quantitative analyses of collagens
The formation of fibrous septa was observed in the livers which were injected with CCl 4 for 7 weeks (Fig. 1A panel  2) . From this histological diagnosis, we judged these to be fibrotic livers. After 10 weeks of CCl4 injection, thicker fibrous septa joining the adjacent central veins and portal veins were observed, as were regenerative nodules (Fig. 1A  panel 3 ). These histological observations indicated that cirrhosis had been induced in this liver. In these experiments, the hydroxyproline contents per gram wet weight of liver in fibrotic liver and cirrhotic liver were 1.8-fold and 3.0-fold higher than that in normal liver that taken from the same age of rat, respectively. Type I, type III and type V collagen were detected from normal, fibrotic and cirrhotic livers by SDS-PAGE after pepsin digestion (Fig. 1B) . The bands of a 1(V) and a 2(V) were identified in normal, fibrotic and cirrhotic livers by western blotting. The amounts of type I, type III and type V collagen which were extracted by pepsin treatment was estimated by densitometric analysis after SDS-PAGE (Fig. 1C) . In normal livers, 12 mg of type V collagen was contained in 1 g wet weight of liver, and this concentration increased as fibrosis (2.7-fold) and cirrhosis (4.6-fold) developed (Fig. 1C) . On the other hand, the increase in the extractable type I collagen in cirrhotic livers was rather lower (1.6-fold) than in fibrotic livers (1.8-fold, Fig. 1C ). The increase in type III collagen in fibrosis was 14-fold and in cirrhotic was 12-fold (Fig.  1C) . This indicates that the increase in extractable type V collagen was a better index of the development of cirrhosis than the increase in type I collagen. Increases of type I and type III collagen were regarded to be a better marker for the initial pathological change of the liver.
Type specific localization of collagen in liver
The localizations of type I, type IV and type V collagen in normal and cirrhotic livers were observed by comparing with stellate cells stained by anti desmin antibody. In normal liver, stellate cells were scattered in the sinusoidal walls ( Fig. 2A) . Type IV collagen was located along with the sinusoidal walls (Fig. 2C) , while the discontinuous localization patterns of type I (Fig. 2B ) and type V (Fig. 2H ) collagen around the sinusoidal walls rather resembled that of stellate cells. In cirrhosis, stellate cells were found in the fibrous septa (Fig. 2E) , and type IV (Fig. 2G ) and type V (Fig. 2H) collagen were located at the margin of thick fibrous septa. Dense deposition of type I collagen was observed throughout the core region of the fibrous septa. (Fig. 2F) .
To examine the type specific distribution of collagen more clearly, double immunofluorescence microscopy under a confocal laser scanning microscope was done ( Fig.  3 and 4) . In normal liver, type I and type V collagen showed fibrous staining which corresponded to the reticular fibers. Type I and type V collagen were codistributed on the coarse fiber (Fig. 3F, large arrow) . Type V collagen was also detected on the fine fiber on which type I collagen was absent ( Fig. 3E and F , small arrow) as described elsewhere (Adachi et al. 1991) . The localizations of type I and type IV collagen were different (Fig. 3A-C) . The distributions of type IV and type V collagen partially overlapped the ends of fine fibers (Fig. 3H and I, arrowhead) under confocal-laser scanning microscope. In cirrhosis, the localization pattern of type V collagen was similar to that of type IV collagen which localized at the margin of thick fibrous septa ( Fig. 4G  and H) . However, when the localizations of type IV and type V collagen were compared in the superimposed image, type V collagen was localized just on the inner side of type IV deposition (Fig. 4I) . The distribution of type V and type IV collagen was different from that of type I collagen which was localized in the core region of the septa (Fig. 4A , C, D and F). Type V collagen seemed to be sandwiched between type I and type IV collagen depositions ( Fig. 4F and I,  arrowhead) .
Collagens in the culture system Localization of type V collagen in the culture of stellate cells and hepatocytes
The interactions of liver-derived cells (stellate cells and hepatocytes) and type V collagen were examined in the culture system. The deposition patterns of collagens in the cultures were analyzed by immunofluorescence microscopy (Fig. 5) . In the hepatocyte-culture, faint positive signals of type I collagen were observed in the cytosol, but type I collagen fibrils were not observed (Fig. 5A) . The staining patterns of type III and type IV collagen were similar to that of type I collagen in the hepatocyte (data not shown). On the Fig. 1 . Type specific collagen content in liver under normal, fibrosis and cirrhosis. In every panel, 1 indicates sample from normal liver, 2 from fibrotic liver and 3 from cirrhotic liver. A, The liver sections were stained with hematoxylin and eosin. B, The collagens extracted by pepsin treatment were analyzed by SDS-PAGE. C, Amounts of type I, type III and type V collagen were quantified from SDS-PAGE gel using the NIH image. Bars in C show s.d.
other hand, type I collagen fibril was observed in stellate cell-culture (Fig. 5C ). In the coculture, type I collagen fibers preferentially located on the stellate cells rather than on the hepatocyte colonies (Fig. 5B) . In the hepatocytes-culture, the deposition of type V collagen was not observed (Fig.  5D ). Several numbers of thin type V collagen fibrils were observed in the stellate cell-culture (Fig. 5F ). In the coculture, type V collagen was prominently observed on the hepatocyte colonies that were surrounded by stellate cells, and was deposited in a granular form of aggregation (Fig.  5E ). The vertical distribution of type V collagen on hepatocytes in the coculture was examined using the Zsectioning mode with confocal laser scanning microscope. Figure 5G shows the sequential image taken from upper surface of cocultured cells at 1 mm intervals (sequence numbers are indicated in Fig. 5G ). Most of the type V collagen was located on the upper surface of hepatocyte colonies.
The spatial relations of type I, type IV and type V collagen in the coculture were further examined by double immunofluorescent staining (Fig. 6) . Type I collagen fibers were observed on the stellate cells that were located around hepatocytes (Fig. 6A, in red) , while the deposition of type V collagen was located on the hepatocyte colonies (Fig. 6A, in  green) . The distribution of type V collagen was segregated from that of type I collagen. Type IV collagen was also deposited on the hepatocyte colonies rather than on the stellate cells (Fig. 6B) . However, the localizations of type V and type IV collagen were not exactly the same as those in the liver tissue as described in Figs.3 and 4.
Identification of collage-producing cells
Prominent depositions of type I and type V collagen were observed in the stellate cell and coculture system (Fig. 5) . This may indicate that type I and type V collagen were mainly produced by the stellate cells rather than by the hepatocytes. To investigate type V collagen-producing cells in the cultured system biochemically, we analyzed the expression of mRNA and the protein of type V collagen.
The expression of pro-a 1(V) collagen and pro-a 2(V) collagen mRNA was positively detected in the stellate cellculture and the coculture, but not in the hepatocytes (Fig.  7A) . The expression of aSMA mRNA, which is a specific marker for activated stellate cells, was positive in the stellate cell-culture and in the coculture. This indicated that these stellate cells were in the activated phase.
Next, the translation level control of type V collagen was examined. a 1(V) and a 2(V) collagen chain were detected in the medium of both the coculture and stellate cell-culture, but type V collagen was not detected in the hepatocyteculture (Fig. 7B) . We also analyzed type V collagen in the cell layer which was thought to have been deposited after secretion (Fig. 7C) . Type I and type V collagen chains were detected in the fractions of both the coculture and the stellate cell-culture. However, neither type of collagen was detected in the hepatocyte-culture. 
Type V collagen added exogenously was deposited preferentially on hepatocytes
To investigate the deposition mechanism of type V collagen onto hepatocytes, type V collagen in a non-fibril form (collagen was dissolved in 5 mM acetic acid) was added to the cultured cells exogenously. In the absence of the cells, type V collagen adhered diffusely to the dish surface (Fig.  8C) . When exogenous type V collagen was added to the hepatocyte-culture, type V collagen was deposited on and around the hepatocytes in granular form (Fig. 8B) . When type V collagen was added to the coculture, concentrated depositions of type V collagen on hepatocytes were observed (Fig. 8E ). Fig. 8D shows the cocultured stellate cell and hepatocytes without adding exogenous collagen. When we compared Fig. 8D and E, we assumed that the additive signal of type V collagen in Fig. 8E corresponded to the deposited exogenous type V collagen. In contrast, exogenously-added type I collagen was deposited on stellate cells in fibrous form, rather than on the hepatocytes (Fig. 8F) . These results indicated that the depositions of exogenous collagen were regulated by the cells. Type V collagen located on hepatocyte colonies, while type I collagen was preferentially deposited on stellate cells. Fig. 3 . Localizations of type I, type IV and type V collagen in normal liver.Double immunofluorescent staining was performed with collagen type-specific antibodies. A and D: type I collagen. B and G: type IV collagen. E and H: type V collagen. C, F and I are superimposed images constructed from the 2 images on the left side. We did not detect the fluorescent signal in control section (without primary antibodies) in this staining condition. In D and F, large arrows show the thick fibrils stained by anti type I collagen. In E and F, arrows show the thin fibrils stained by anti type V collagen. In H and I, arrowheads show overlapped stained positions by anti type V and type IV collagen antibodies.
Adhesion of stellate cells and hepatocytes to type I and type V collagen
We examined the adhesion of stellate cells and hepatocytes to type I and type V collagen (Fig. 9) . Stellate cells and hepatocytes attached to both type I and type V collagen within 30 minutes or 40 minutes, respectively. However, the adhesion-promoting activities of type V collagen to both stellate cells and hepatocytes cells were lower than those of type I collagen, with their respective values being 35% and 58% of those for type I collagen. After 1 day incubation, stellate cells formed aggregate and detached from the type V collagen surface, while hepatocytes remained attached and spread (data not shown). Both types of cells spread well on the type I collagen in longer incubation.
Discussion
As liver cirrhosis progresses, prominent fibrotic tissue is observed. It is well known that an increase in collagen deposition is the one of the main symptoms of this disease. In fact, the presence of collagen fragments in the serum has been used as a diagnostic marker for cirrhosis. For example, the presence of fragments of type IV and type III collagen (Misaki et al., 1990) , fragment of type IV collagen (Obata et al., 1989) and the fragments of type IV collagen and 7S do- Fig. 4 . Localizations of type I, type IV and type V collagen in cirrhotic liver. Double immunofluorescent staining was performed with collagen typespecific antibodies. A and D: type I collagen. B and G: type IV collagen. E and H: type V collagen. C, F and I are superimposed images constructed from the 2 images on the left side. We did not detect the fluorescent signal in control section (without primary antibodies) in this staining condition. In F and I, arrowheads show the type V collagen deposition sandwiched with type I and type IV collagen. main of type IV collagen (Murawaki et al., 1996) were used as markers. However, it was not known whether the increase in collagen is a pathogenic factor for cirrhosis or the result of an inflammatory process in the tissue. Here, we found that an increase in type V collagen was a more characteristic index of the progression of cirrhosis (Fig. 1) . In the residual tissue of pepsin treatment, type V collagen was not detected but type I and type III collagen remained. From this result, we assumed that the increase of extractable type V in cirrhosis results in the increase of type V collagen production. On the other hand, the reason for the increase of pepsin extractable type I and type III collagen in pathogenic liver is not clear at present, that is whether it is due to the change of extractability or production or both.
Characteristic distributions of type V collagen were also observed in the liver. In normal liver, the patterns of type V collagen distribution resembled those of type I collagen ( Fig. 2B and D) . In cirrhosis, type V collagen deposition was observed at the margin of the fibrous septa along with type IV collagen ( Fig. 2G and H) . By double immunofluorescence microscopy, more detailed observation was achieved (Figs. 3 and 4) . In normal liver, the signal of type V collagen was detected on the thinner fibril as previously reported (Adachi et al., 1991) . On the thick fibril, type I and type V collagen were codistributed. On the ends of the fine type V collagen containing fibrils, type IV collagen overlapped with type V collagen (Fig. 3I) . These results are not contradicted by a previous report that described type V collagen as a component of the lamina densa (Roll et al., 1980) . Under electron microscope, Adachi and Hayashi found that thinner collagen fibrils, either type V collagen or hybrid fibril type V collagen, and other fibular collagens were frayed at the end which merged with the lamina densa in the pancreas, placenta and oral mucosa tissues (Adachi and Hayashi, 1994) . These researchers proposed a model in which the epithelia, which grew on the basement membrane, were anchored to the underlying connective tissue via thin type V collagen fibrils. They also pointed out the possibility that the association of type IV and type V collagen occurred in the cirrhotic liver (Adachi et al., 1997) . In cirrhosis, the amount of collagen increased and the distributions of type I and type IV collagen were clearly separated (Fig. 4A, B and C) . In cirrhosis, we postulated that the fibrous septa side, where the stellate cells were dominant region, corresponded to the underlying connective tissue, while the outside of the fibrous septa where was rich in hepatocytes, corresponded to the epithelia. The type V collagen deposition sandwiched between type I and type IV Fig. 6 . Deposition patterns of types I, type IV and type V collagen in the coculture system.A. Double immunofluorescent staining with anti type I collagen antibody was followed by Cy3-conjugated second antibody (red), and anti-type V collagen antibody was followed by FITC-conjugated second antibody (green). B. Double immunofluorescent staining with anti-type IV collagen antibody was followed by Cy3-conjugated second antibody (red), and anti-type V collagen antibody was followed by FITC-conjugated second antibody (green). Nuclei were stained with DAPI (blue). The hepatocyte colonies are encircled with a broken line. Fig. 7 . Expression of mRNA, secretion, and translation level of type V collagen in cultured cells. In every lane, 1 indicates the sample from hepatocyteculture, 2 from coculture hepatocyte and stellate cell and 3 from stellate cell-culture. A, The expressions of both a1(V) and a2(V) mRNA were measured by PCR. B, Collagen in same volume of conditioned media was analyzed by SDS-PAGE after pepsin digestion. C, Collagen from the cell layer (deposited collagen and collagen in the cell) was analyzed by SDS-PAGE after pepsin digestion. Cell number was adjusted by b actin which was detected by western blotting using the sample before the pepsin digestion. collagen ( Fig. 4F and I ) implies the anchoring function of type V collagen containing fibril in the tissue.
To investigate the mechanism of the deposition of type V collagen in liver, we developed a coculture system which used purified hepatocytes and activated stellate cells. In the coculture, type I collagen was mainly located on the stellate cells, and type IV collagen and type V collagen were located on the colony of hepatocytes. Type V collagen was especially prominent at the interface of the hepatocytes and stellate cells in the coculture (Figs. 5 and 6) . In every culture condition we attempted, type V collagen was produced by stellate cells both in the mRNA and at the protein level (Figs. 5 and 7) . Hata et al. reported that cloned rat hepatocytes and primarily cultured hepatocytes produced type IV and type V collagen in addition to type I and type III collagen (Hata et al., 1980 and 1985) . Our results on type V collagen producing cells seem to contradict theirs. In immunofluorescence microscopy of hepatocyte culture, a positive signal for type I collagen was detected in the cytoplasm (Fig. 5A ), but type V collagen was not observed. Although the difference cannot be easily explained, it is possible that it is due to differences in culture condition (in our culture, DMSO was added to hepatocyte-culture), or the inadequate amount of type V collagen produced in our detection system.
As the type-specific collagen depositions were seemed achieved by the cell, we tested the ability of the cell to regulate collagen deposition by adding monomeric collagen exogenously to the culture. Type I collagen formed fibrils on the stellate cell layer, and type V collagen was deposited on the hepatocyte colony (Fig. 8) . The granular deposition of type V collagen was similar to that of endogenous collagen produced by the cell (Figs. 5 and 6 ). These results suggested that collagen which was produced mainly by stellate cells, was secreted into the medium and then deposited differentially according to the guidance of the underlying cells.
Once we had determined the specific localization of type V collagen in liver and in the coculture system, the question arose as to the mechanism governing the formation of these structures. We examined the adhesion of stellate cells and hepatocytes onto the collagens (Fig. 9) . The adhesion of stellate cells to type V collagen was relatively poorer than the adhesion of hepatocytes to type V collagen. In a longer incubation period, stellate cells formed an aggregate and stopped proliferation (paper in preparation). The adhesion of both stellate cells and hepatocytes to type I collagen was thought to be mediated by b1 subunit containing integrins. It has been reported that a1b1 integrin may be involved in the adhesion of hepatocytes (Gullberg et al., 1992) , and that a1b1 and a2b1 integrin are responsible for the adhesion of activated stellate cells (Racine-Samson et al., 1997) . It has been reported that type V collagen induces the migration of epidermal cells (Stenn et al., 1979) , smooth muscle cells (Grotendorst et al., 1981) and endothelial cells (Yamamoto et al., 1992) . Another report described that type V collagen inhibited the cell adhesion and proliferation of lung epithelial cells (Parekh et al., 1998) . Ruggiero et al. reported that Fig. 8 . Addition of exogenous type V collagen into cultured cells. The type V or FITC labeled type I collagen was added to the cultured cells exogenously. Twenty-four hours after adding collagens, type V collagen was immunofluorescent stained with anti-type V collagen antibody and FITC labeled type I collagen was observed under the fluorescent microscope. A, hepatocyte-culture without exogenous collagen. B, type V collagen added on hepatocytes. C, type V collagen added on glass surface without cells. D, coculture without exogenous collagen. E, type V collagen added on coculture. F, FITC-type I collagen added on coculture. In B to E, type V collagen is shown in green. In F, type I collagen is shown in green. The nuclei were stained with PI in red (A and B) or DAPI in blue (D, E and F) . Hepatocyte colonies were stained with anti rat albumin in red (D, E and F).
a1b1 and a2b1 integrins mediated cell adhesion of HT1080 (a human fibrosarcoma cell) and HBL100 (a human mammary epithelial cell) to native type V collagen (Ruggiero et al., 1996) , but recently Knight et al. found that the Adomain of a1b1 and a2b1 integrins recognized the GFOGER (O indicates hydroxyproline) sequence in the triple helical collagen which is not present in bovine and human type V collagen (Knight et al., 2000) . Although the cell receptor for type V collagen has not been determined, the difference affinity of cells for type V collagen may create a specific arrangement for collagen deposition in cultured system and in tissue liver. The mechanism for forming a specific distribution of type V collagen can be explained as follows. In a cirrhotic liver or in culture, stellate cells actively produce collagen. Type I collagen may be deposited on the producing cell, which has a high affinity for type I collagen. On the other hand, type V collagen, which has a low affinity for stellate cells, is pushed away from the cells and deposited on the interface region between the stellate cells and hepatocytes. The same mechanism may be at work in normal liver, but the distribution of type V collagen is emphasized in a system in which collagens are actively produced.
Finally we discussed the possible biological function of Fig. 9 . Adhesion of stellate cells and hepatocytes onto type I and type V collagen. Cells were plated on type I and type V collagen. After 30 minutes (stellate cell) or 40 minutes (hepatocyte), the adhered cells were measured using a cell counting kit-8. Here, the relative percentage of adhesion is shown, when the adhesion of cells on type I collagen was expressed as 100%. Here the average of 6 or 3 independent experiments is shown. Fig. 10 . Hypothetical model for the role of type V collagen in the liver. It is suggested that type V collagen has an anchoring role between the collagen fibril in the connective tissue and the lamina densa. In addition to the anchoring role, our results suggest that type V collagen works as an embankment between parenchyma and fibrous septa in cirrhosis.
type V collagen in this structure. The following two roles for the minor fibrillar collagens (type V and XI) were proposed (Adachi et al., 1997) . One is regulation of fibrillogenesis by limiting the diameter of fibrils made from major collagens (type I, II and III) and the other is the anchoring role between the collagen fibril in the connective tissue and the lamina densa through interactions with type V and type IV collagen. In addition to this, our cell adhesion experiment indicated that type V collagen aids the segregation of the stellate cells and hepatocytes. Our results agree with the anchoring role of type V collagen and this structure was reconstructed in culture. In addition to this, our cell adhesion experiment indicated that type V collagen segregates the stellate cells from the hepatocyte colony. We supposed that type V collagen work as an embankment in cirrhosis, and that this type V collagen containing fibril prevents excess fibrosis of the liver parenchyma by regulating the activity of the surrounding stellate cells (Fig. 10 ).
